The cardiovascular relevance of isolated low levels of high-density lipoprotein cholesterol (HDL-C) is yet to be determined. Stroke often leads to long-term disability, and thus, not only stroke mortality but also stroke incidence is a topic of research. Although isolated low HDL-C level has been found to be a predictor for stroke mortality previously, whether it can predict stroke incidence is unknown.
| INTRODUC TI ON
Stroke is the most common cause of disability and mortality and is a concerning health issue worldwide. 1 Although there has been a marked reduction in stroke-related mortality, its burden has been increasing for decades. 2 Research not only on stroke-related mortality but also its incidence is necessary to understand the recent trends in stroke.
Low levels of high-density lipoprotein cholesterol (HDL-C) are reported to be associated with an increased risk of stroke. [3] [4] [5] [6] [7] [8] However, most studies did not adjusted other lipid abnormalities. The relevance of isolated low levels of HDL-C in stroke remains undetermined. Previous studies have reported that the levels of isolated low HDL-C do not predict stroke-related mortality, 9, 10 but whether it can predict the incidence of stroke remains unknown. Approximately 90% of patients who experience a first-ever stroke survive the first month. 11 Factors associated with the incidence and mortality of stroke can be different. Herein, the predictive relationship of isolated low HDL-C levels with the incidence of first-ever stroke was investigated among general Japanese residents in a cohort study.
| MATERIAL S AND ME THODS
The study was a serial analysis of the Jichi Medical School (JMS) Cohort Study, a multiregional community-based prospective cohort study with baseline data collected between April 1992 and July 1995 from national population screening tests according to the Health and Medical Service Law for the Aged in Japan that assessed the incidence of stroke until the end of 2005. 12 Among 12 490 participants (4911 men and 7579 women), we excluded the following 1465 participants: 102 without follow-up data, 112 with a history of stroke, 1146 without data on the stroke history, and 105 with no data of HDL-C levels, triglyceride, and total cholesterol. A total of 11 025 residents (4283 men and 6742 women) aged 18-90 years without a history of stroke were analyzed. This study was approved by the Institutional Review Board of Jichi Medical University (No. [6] [7] [8] [9] [10] [11] 2006) , and all the participants provided written informed consent.
As previously described, 12 993 age × 0.813. 15 We classified HDL-C into 3 categories: (1) iso- The continuous variables were expressed as mean and standard deviation or median and interquartile range and categorical variables were expressed as numbers and percentages. The continuous variables included age, BMI, SBP, DBP, PG, TC, TG, HDL-C, LDL-C, and eGFR, and categorical variables included sex, smoking status, alcohol drinking, antihypertensive, antihyperlipidemic or antidiabetic medication, and physical activity. The comparisons between the groups were performed using a one-way analysis of variance or the chi-squared tests. In the present study, a complete-case analysis was used. A multivariable analysis was performed using the Cox's proportional hazards model to calculate the adjusted hazard ratios (HRs) and their 95% confidence intervals (CIs) for stroke incidence with isolated low HDL-C or non-isolated low HDL-C, using normal HDL-C as reference. Model 1 was adjusted for age and sex. Model Table 1 shows the baseline characteristics of the participants. The mean HDL-C level was 1.33 mmol/L. Only 2.6% of participants had HDL-C levels ≥ 2.07 mmol/L. A total of 412 strokes were confirmed during the mean follow-up period of 10.7 years.
| RE SULTS
Appendix S1 shows multivariable-adjusted HRs and 95% CI for incident stroke and stroke subtypes according to the three categories of HDL-C. Isolated low HDL-C was not found to predict incident stroke (Model 1: HR, 1.02; 95% CI, 0.79-1.31; Model 2:1.11, 0.85-1.44). The participants with non-isolated low HDL-C were found to have a higher risk for incident stroke as compared to those with normal HDL-C (Model 1: HR, 1.44, 95%CI: 1.10-1.88; Model 2:1.35, 1.01-1.81). No significant associations were found between isolated low HDL-C and stroke subtypes (subarachnoid hemorrhage, intracerebral hemorrhage, and cerebral infarction; data not shown) or between isolated low HDL-C and infarction subtypes (lacunar infarction and atherothrombotic cerebral infarction; data not shown).
| D ISCUSS I ON
This JMS cohort study demonstrated that isolated low HDL-C was not a predictor for the incidence of stroke in the general Japanese population, although low HDL-C with other dyslipidemias (higher TC and/or TG) was found to predict stroke. The results of this study on stroke incidence appeared to be similar to those of previous studies on stroke mortality (meta-analysis in the Asia-Pacific Region 9 and EPOCH-JAPAN 10 ), which reported that isolated low HDL-C was not significantly associated with stroke mortality in men and women combined. As the cardiovascular relevance of isolated low HDL-C is not determined, the absence of a relationship between isolated low HDL-C and stroke incidence and mortality would add to the pathophysiological knowledge on isolated low HDL-C.
Of note, the previous studies reported that the non-isolated low HDL-C did not predict the stroke mortality but predicted cerebral hemorrhage. 9, 10 In our study, the non-isolated low HDL-C could predict the incidence of stroke. The difference in the outcomes for stroke may produce the predictability of non-isolated low HDL-C as different factors associated with the incidence and mortality of stroke are assumed. 11 Although the true reason is unknown, it is hypothesized that lipids are carefully managed after a stroke, which leads to the lack of a relationship between non-isolated low HDL-C and stroke mortality. 17 The observation that adding dyslipidemias to low HDL-C other than simple low HDL-C can contribute to incident stroke may be useful to prevent stroke, as dyslipidemias other than HDL-C can be modulated by drugs.
This study has several limitations. First, chronic disease affecting HDL-C, such as liver cirrhosis, nephrotic syndrome, and steroid-treated disorders, could not completely be excluded, although these patients were less likely to participate in general checkups in the communities where the study subjects were recruited in our study. Second, HDL-C level was measured once at baseline, and no assessment of changes in HDL-C during follow-up was undertaken.
However, this approach is consistent using that applied in previous many prospective cohort studies.
In conclusion, our study suggested that isolated low HDL-C might not predict stroke incidence, but non-isolated low HDL-C could predict stroke incidence. These findings would add to the knowledge on the role of low HDL-C in stroke prevention.
TA B L E 1 Baseline characteristics of participants according to categories of HDL-C a

Categories
Normal HDL-C Isolated low HDL-C Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; PAI, physical activity index; SBP, systolic blood pressure. a Data are shown as mean (standard deviation) or median (interquartile range: plasma glucose and triglyceride) for quantitative data and as percentage of participants for qualitative data. b P levels were calculated using one-way analysis of variance or chi-square test.
